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'*The thermic method of vitrification of the radio- 
active pulps and the safe disposal problttn of 

vitreous preparations’'. 

Bogdanov N. I., Vereakunov V.B. , Dukhovich P.Q. , 

Zimokov F. V*, Kolychev B.S. , Kuzucheva V.S. , 

Kulichaiiko V. V. , Martynov V.P. , Haatorguev K.T. 

Expediency of treating highly radioactive wastes into solid 
vitreous preparations suitable for final disposal is now generally 
recognized. Although heat treatment of wastes is evidently a pro- 
mising method its industrial applicatTion considerably lags behind 
research work. In large part this lag is due to the difficulty of 
developing high-efficiency, continuously acting apparatuses and 
plants suitable for the radiochemical industry and burial-grounds 
having simple construction and safe in the exploitation. 

Specific requirements of the radiochemical industry limit 
the application of the equipment used in other branches of industry^* 
Oherefore, the aim of the present investigation was to develop a 
continuous pirocoas and technological squipment for heat treatnent 
of radioactive pulps and also creation of brurial -grounds for dis“ 
posal of solid molten preparations of high activity. 

Uie process development was conducted in application to 
hydroxide pulps obtained as a result of alkaline precipitation of 
hydroxides of iron, chromium, manganese, calcium and other elements 
from nitric acid radioactive wastes. 

'Ehe technological procoss for beat treatnent of radioactive 
pulps includes the following main stages: 

1) Dehydration of pulp and calcination of its solid residue. 

2) Mijdog of pulp solid residue with flux. 

3) Prana ration of vitreous melt* 

4) Pouring of vitreous melt. 

[25 YEAR RE-REVIEWl 
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I. Fua d aB>a1;alB of t aohnolot^ for haat tTOutment 
of radio act! VB pulpa 

Wb solBoted tho fluidized bod method for dehydration and 
oalclua'tioa of radioactive pulps. The application of tho fluidized 
bed permits to cariy out the dehydration with high rates. The use 
of solid residue of hydroxide piap itself as a fluidized bed mate- 
ds not to the purposOi since close by magnitude values of 
fluidization (0,15 m/sec) and of entraionont (0.35 m/sec) necessi- 
tate considerable reduction of fluidisation operating velocity 
range and load to increased entrainment of fluidized bed material 
from the apparatus. 

The indicated reason necessitated the use of an inert mate- 
rial. Por this purpose we have selected quartz sand with particle 
size of 0.4 and 0.7 mm, 

1. The use of quartz sand with d » 0,4 mm pemits to in- 
crease the operating velocity of fluidization to 1 m/seo and the 
Use of sand with, d « 0,7 mm - to 1,5 m/sec, 

2. Quartz sand, getting subsequently into the burden, does 
not change physico-oheaical properties of molten preparation since 
for the subsequent process of vitreous melt preparation quartz sand 
la being Introduced into tho burden as a glassforming oomponent. 

3. ^artz sand is heat stable at operating temperatures 
( 50 O- 7000 C) in the reaction zone and is chemically inert, in these 
®®^^^^tiona, to the pulp solid residue, and to the apooratus mate- 
rial. 

As a fluidizing agent, gas (air) or superheated steam can be 
selected, ae temperature of the fluidizing agent is detennlned by 
the ope rating temperature of dehydration and calcination. Operating 
of fluidization can be attained both by means of gas 
(steam) fed to the fluidization and by means of the vapour phase 
formed in the apparatus during dehydration of the pulp, tte use of 
superheated steam permits to reduce considerably volumes of gases 
subject to purification. 

Completeness of dehydration and calcination of the p\ilp 
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solid TOsldue is dotoBoio^d bjr tho rooldouce time of aolld residue 
particles In tto reaction zone of tho upparatua with tho fluidized 
bed. Conducted studios showed tfie ability of sand fluidized bed to 
retain fine-dispersed (1-5 /i) particles of the solid residue to com- 
plete dehydration of the material. It was found that reoideuce tine 
of particles In the fluidized bed depends on nature of too material, 
apociflc surface of the fluidized bed and varies in wide ratiK®. '^le 
mala part of solid residue particles stays in the fluidized bed 
>“5 min. 

Lack of ohmmical interaction between the fluidized bed mate- 
rial and the pulp solid residue favours its complete carryiDK out 
from the apparatus by the gas-vapour flow owing to groat difference 
in values of aatrainment velocity of particles of fluidized bed ma- 
terial (o' 2,5 m/sec) and entrainment velocity of solid residue 
particles (0.35 m/eec). 

Ihe difference in entrainment velocities of partLclos of the 
fluidized bed and the solid residue can be used for unloading the 
solid residue from the apparatus followed by its subsequent aepa- 
ratlca from the gaa-vapour phase in the cyclone. Separation of toe 
solid residue in tho cyclone is favoured by coarsening of its par- 
ticles in toe process of dehydration in tho fluidized bed with toe 
formation of conglomerates having size of 20-40 jn. The resulting 
conglomerates are unstable and the bulk of them disintegrates on 
feeding the powder to toe smelting apparatus with toe fonnation of 
more fine fractions. 

®o provide high efficiency of the present process it is ne- 
cessary to develop a continuous process for the prepara tion of toe 
melt. One of the main problems la the sslection of flxix composition 
and a metood of its introduction into toe smelting zone. Studies 
conducted showed toe expediency ef using natural minerals (iilezita 
alblte and oth. ) for introduction of compounds of boron, silicon 
and sodium into the burden. In the burden prepared on the base of 
such minerals the liquid phase easrgss at temperature above SOQOC 
and thus it is possible to avoid the formation of crusts in pipe 
lines at toe top of the sounlting apparatus* On heating the indicated 
burden to IIOOOC a vitreous melt is formed suitable for its unloading 
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f ->m the apparatus. In older to prepare tho hOBOf^enoous melt it la 
necoasbry to Jcoep it in the roaction rone for about 2 hours. Studies 
showed that tho method of tho burden loading into tho continuoualy 
acting amolting apparatus and tba burden diapersit/ are also of 
great importance. To reduce the time required for the preparation 
of the homogeneous melt it is expedient to use fine-dispersed mate- 
rials and to load the burden on tho molt surface by amall portions 
corresponding to 0,2 g/cm^-min On tho other hand, the use of fine- 
dispersed materials can cause Lni'.roased entrainment of the burden 
particles by back gas flows formed as a result of the decomposition 
of tho burden components which are heat unstable at these tempe- 
ratures. The entraitmeat of fine-dispersed poXticleB of the burden 
can bo reduced by means of complete thermal decomposition of un- 
stable compounds of the hydroxide pulp solid residue in the stage 
of dehydration and calcination and by using precaQclnod materials 
as fluxes. 

When introducing fine-diaporsod flux materials the forma- 
tion of crusts in the dipparabis and, pipe lines occurs owing to the 
fonnati^n of a liquid film on contact of particles with heated 
sectlona of tho surface followed by sticking of solid residue par- 
ticles to these surface aections. 9ie indicated phenomenon has 
the highest intensity on surface sections heated to 70O-9CX)OC. 

By using a pelletized flux it is practically posalble to avoid ttie 
formation of crusts in pipe lines. The procedure for unloading of 
the prepared homogeneous melt is determined by tho time of complete 
melting and by the capacitor of the selected snel-tlng apparatus. 

for experimental verification of the obta±ned data a model- 
pilot plant was created, the line diagram of «hich is shown in 
fig. 1. Ihe design of apparatuses of the model-pilot plant was de- 
veloped by a group of coeorkers under the guidance of V. T. Shatsillo , 
L. I. Cbecbatln and L.D.Sosenko. 

fixe pilot plant conalste of the follovLog main apparatusest 

1) vessel for the startlag naterlal; 

2) proportLoolng pump for pulp feeding^ 
apparatus with the fluidised bed{ 

4-) steam supexheatexi 
5 ) oy<a.onet 

587 
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t> , lux doaiau appuratuaj 
7; oinol 0.1 rjj ; upparutua; 

8/ vonaol fur tho molt; 
y) puriO in;:, facilitiea. 

A;j wao alroacl^ indicated, a hj-droxide pulp with conceu- 
trafcioa of blie solid phase 10-100 g/1 was used as a Btarting ma- 
te ri^tl. 

Peedluc the pulx' to dehydratioa was accompllBhed bjf moans 
of a proportioning pumit and throe low pressure pneiunatic spraying 
injectors of the Shuhov system. 

In this case tho pulp flow rate was from 10 to JO^l/hr with 
air consumption for spraying tho pxilp being about 0.2 De- 

hydration and c.ilciuation of the pulp was accomplishod in the appara- 
tus with the fluidized bed which represents a column having tho in- 
ternal diameter of 250 mm and the height of about 2000 mm. In the 
upper part of the apparatus there is an expander with tho internal 
diame ter of AOO nan. Along its height the apparatus io dividoa int 
two parts: the upper and the lower parts, llie lower part of the .Appa- 
ratus is a gas-feed chamber fitted with a gas-distribuUng grate. 

aemoval of the fluidized bod material from the ap.naratus was 
accomplished through its bottom. The upper part of the apparatus 
includes the zone of dehydration and calcination of the starting 
material (the pulp) and is fitted with three injectors located in 
one horizontal plane at the level of 150 mm from the gas-distri- 
buting grate. 

The apparatus zone for dehydration and calcination is provi- 
ded with heating. Wh have tested three types of heating the appara- 
tus with the fluidized bed (see flg.2» 5, A): 

1. Heating by means of 7 vertically located tubular electric 
heaters, evenly distributed from each other (18-20 mm) over the 
section of the apparatus. Power input on each electric heater was 
continuously adjusted and did not exceed 8 kW, 

2. Heating by means of 18 electric heaters l''-catsd horizontally 
at a distance of 15 am firom each other. Power input on each electric 
heater did no t exceed J. 2 - 3. 8 kW. 

587 
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Hotttiug the apparatus walls by ujouns ol’ rof^ueiicy cur- 

reota. f^owar aupply for inductioa houtoro was fed from lOO-kW gono- 
rat»r witii Troquoncy 2500 c.p.u. 'Llio typoa of lioating, tested by us, 
provided the heating of sand fluidized bod to 700O(;, temperature 
drop in the apace of Uie fluidized bod not exceeding ICXl^G. Speci- 
fic power coasumptioti was - 1.8 k\Vhr per 1 cubic metre of the 
pulp* 

The charge of sand into the apparatus did not exceed 1^ kg. 

Do maintain quartz sand in the state of fluidizationt air and super- 
heated steam at 6OOOCJ wex^e used. The average consuraption of the 
fluidizing agent was about 40 kg/hr. For separating solid and 
gas-vapour phases a cyclon heated to 400-50cic>c usod to avoid 
vapour condensation and associated sticking of the solid residue 
particles to the cyclone walla. The degree of purification in the 
cyclone is 85-90>6* The solid residue aaparated in tho cyclone was 
mixed in the flow with tho flux and was feci to the furnace for molt 
preparatio n. 

The smelting apparatus is divided along its height into two 
parts. The upper part with capacity of ^ 20 1 is designed to pre- 
pare tho melt and is fitted with the device for loading the burden 
on the melt surface. Ihe lower part is a facility for proportioning 
and unloading of the prepared melt from the apparatus. Unloading of 
the melt from the apparatus is performed owing to overflow of the 
low-viscosity malt through the bottom feeder. 

Ihe mode of feeders operation is based on freezing the ef- 
fluent melt flow by means of cooled air. ttie air consumption for 
freezing toe feeders was about 6 N 

OSw methods of heating the anelting apparatus were tested: 

(See fig. 5 , 6 ) 

1 ) heatlog by means of 6 horizontally located tubular electric 
heaters with total power of 7.5 kWj 

2 ) heating of the smelting apparatus body by means of high- 
frequency currents (2500 c.p.a.). lotal power of the induction heat- 
•r W 8 LS about 10 kw# The tested types of heating provided continuous 
adoustnent of temperature in the reaction zone to 12(X)oc. 

587 
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PourlUK of tlie proparod aiolt wan pon'ormod every 2-5 hours. 

Tho povvor co UBXiiap Uio n for the ua^J. t [(roj^ura tioii was /»5 * 

The officieacy of the aiiioltlDt; upparatua achieved to 6 kg/hr. 

After sepuratiOD of the solid residue iu the cyclone gan-vapour phase 
and the part of the solid residue, got through with it, were fed 
into the system of vapour phase condensation and off-gases purifi- 
cation. In the course of operation of the appara tus with the fluidiz- 
ed bed abrasion of quartz sand granules was observed, and a part of 
them was entrained into the cyclone in the amount of about 
5*10“^ gAS'hr. 

Consumption factors and standards of the technological 
process given above are the average ones for every 500 hours of 
operation. Work conducted on the model-pilot plant showed the 
feasibility of realizing the continuous process for heat treatment 
of radioactive pulps. One of the maiin difficulties in solving this 
problem lies in ensuring process stability and consistent operation 
of separate apparatuses. The flowsheet and details of the apparatus 

for process are dfleci-ibed not only in our psper. 

The fundamental results flowsheet and details of the 

apparatus required for the drying and vitrification of radioactive 
sludge by means of gas and heat-remover, was published by 
N. B.Brezhneva et al. on the sympostum in Vienna /!/. 

PosBlbie valiants of burial-ground for disposal 
of solid molten preparations of high-activity 

Partloular attentioa is given to study of chemical stability 
of glass-like preparations and solution of then&al problems in the 
design of "burial-grounds’** Aen choosing fission fragnents. Consi- 
derably less attention is given to changes in preparation properties 
induced by ionizing radiation /2-5/. At the same time it is shown 
/3/ that ionizing radiation destroys the surface of a preparation 
and increases Its solubility. This may be a^lalned by the presence 
of surface radiatio a— induced chemical reactions of i vlten prepara- 
tion with air oompoaants, Chamges in prepairatdoa characteristics 
aay also arise under prolonged action of high temperatures. 

A tonpeicature increase is known to occur due to energy 
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xvr uaae during radiation-induced docompoai Lion of any conceutrateu 
coutainiug radioisotopes. Heat release and nelf-houtiug are of 
particular significance in the bursting of radioactive wastes. It 
was shown earliwr /2 / that heating of solid fission-produced con- 
centrates may reach considerable values oven for single blocks 
because of the high specific activity and worse heat-transfer com- 
pared with liquids. This must be taken into account in studies on 
properties of molten prepara tio 's. 

iSxamlnlng a preparation suj’face by means of a microscope 
(fig.?) has shown sharp lowering of the radiation induced decompo- 
sition rate with increasing temperature. The change in the surface 
structure is, in fact, inappreciable above 15000C. No decrease in 
chemical stabilitor connected with structure changes of the irradia- 
ted aurfnco was observed above this temperature (fig. 8 ). 

ftvs 'adiatlon-induced effect on properties of molten prepa- 
rations liable high temperature crystallization, becomes per- 
ceptible at a t '^p^rature above 6 OOOC. X-ray Investigations have 
shown that the epira tr<.o ns irradiatod at this temperature are 
crystallized easy cv. pared with non-irradiated mamples. (Fig. 9 ). 

Studies ■ ..;la.xat1-o.n properties of fused preparations have 
shown /y that at 5 -CK) 0 C ; arked decrease in their structural viscosity. 

Obviously, the energy necessary for atom displacement at lower 
structural viscosity decreases to such an extent that the cascade 
displacement by irradiation becomes possible. In this case no tem- 
perature annealing of radiation-induced is defects is observed, dn® 
to transitioa of the system from a metaatable (vitreous) to a thermo- 
dynamically more stable (cJ^atalline) state. 

Investigations have shown that radiation-induced chemical 
destruction of glass blocks may be prevented by creating higher tem- 
peratures (not lower than I5OOC) in the disposal. This is especially 
necessary within the first months after charge of the disposal ,*ien 
the specific activity of wastes is and, consequently, the radiation- 
induced chemical decompositions rate are highest. The second problem 
when designing a burial-ground is a minimum contact of the prepara- 
tion with air as destruction takes place owing to the oocurience 
raactd-ons with air compoaents# 

5 ^ 1 ^ - 8 - 
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Uir , of iinpor taaco will l )0 the cornjct o ) Lima t.ioa 

ol* tuii.i -aiaAturo j^eaka which arc to arlao in a. ^l.Hpoaal aimj 

will bo dopuiidofjt Upon bo Ui bho tjpociric heat rolo/irjo ol* buried 
matori.'U and hoa.t rcniov/jQ.. Know! 0 (l(.';o of the thonnoph,y ni (m'I conn Ian tfj 
of a praparn tlo n ia nocooBar^ for solu tion of thin prehl [ t wan nhow 
(vrflier /:>,o/ tiial; tiio thonnal cc uduc tivi t;'/ coefficient; for .fusul 
li. nnion-*, .coducoci propara tio ns watj 1,1 kcai/Di.h, '*C, lio Vir*^* a, din— 

uraorod drop of blocka and their nU^raKO in iieapj-i In ru-at. dunirable 
jor niirp)! li ica t.Lon of ci)arp,<j! tocii ni' juc ^ lliun wla'a e n t.i.nai M np, tho 
boat Irannfer tiio toi'm ’’pure'* i.n not adequate i'or Uio Uioniial con- 
ductivity cool, flciout an it i. a no acne ary alno uo counicier tho 
‘iierjiial coaduc ti-vi Uy of block c/n;cuiorj t!]» tho air convoction In 
t^apn and tho thu;nnal eciluBion (lur ra Uior hip.h toTn[/cj'atu mn) . IVie ro-- 
fore it it; advisable to con.sidor Viio lajcr of .-.'voplen aa a coarno- 
P, rained material and tx) uae p roviadonal J v the* definition Uierua'xl 
conductivity coefficient of a hoapud Tadetonuioe tlji:: value* 

nuiasi.uaajicnts w^^re luadc of the tern porata.i a....doraaco in ley era con- 
Hintint; of ampoulco with molten proparatioun (specific accivl 
from 1 000 to 10 000 curie/d, ). Oiic apparatus for rno.^nur- ca -n tp. , !"Ua 
lO} was.' locatoa u-u a pro tot' i,i., vo c* ■i.miiri'’ , xOi.^ aiiipcuic-s v.*. dC riMCi. 
containin(;^ iuolteu preparafioas 'vc :ce placed, intt- t-nc appM-.: r.'-y tu ra ILe 
proparationa were obtained from at di.fferf;r.t ti?r.c delay: 

51 ajapoules (lower layer), ~j>0 ampoules (middle .Ifa/er) ana 21 an-- 
poules (upper 1 ay er) . A pp ar a Ui s for the nu '.li mo d el 1 i n g , co n tad rj i n 
ampoules with no n-radioactiv© preparations wer^^ aesi^ned in order 
to obtain more accurate data. Electric heaters wore adjusted inside 
the ampoules. 

Pig. 11 siiows tii6 resultB of doteniiinatiotis of tto-peraturoe 
for the heating of layers in the apparatus^ Iho data obtained per- 
mitted determination of tho "thernial conducuvity coefficient" for a 
heaped layer. OSiis value did not differ, in fact, from the monolith 
thermal conductivity coefficient under experimental conditions and 
was found to be 0,9 to 1.1 kcal/ia,h. The expected decrease in 
the thermal conductivity coefficient due to presence of civ gaps 
between ampoules was not observed mainly owing p 'cogence of the 
heat conducting metal cas^iont in the burlal-grv^uad. 

In constructing burial-grounds considerable attention 

^B7 
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atlieDtioa ahould naturally be Kbven bo onijuring compactneae 

aad to abaonce of opocial cooling uned ior hoat~roDiov/.d. . 

critical exceaa tamperaburo of ai\y heat roloa.slnf/ product ia known 
to bo dotemined. not only by the heat roloaso vaj.u0 aod 1 iierraa!I. con- 
duotivityi but also by heat lossoa to the enA/lronment, Ib involves 
tomporature differences both in the mass of the dlnposod product 
and between the product and the onviromneat. Table 1 shows volumes 
of radioactive prepara tiona stored as a monolith and ’*in heap" for 
the case of most intensive heat rtJsnoval wtien there is no difference 
in the temperature of a preparation surface (or a layer) and that 
of the environment provided the temperature difference in the centre 
and on the surface of a preparation does not exceed 

Table 1 

Critical slices of hi^ly active molten concentrates 

at most intensive heat removal and a maximum temoorature of 900^0, 


Specific heat release 
kcal/m^*h 


9*10^’ 

1.6*10^ 

Charge shape of 
disposal 

Konolitb 

in heap 

1 

monolith 

in heap 

Shere radius t n 

0.29 

0.29 

0.68 

0.68 

3 

volume, m 

0.10 

0.05 

1.30 

0.65 

lofialts radius, ■ 

0.24- 

0.24 

0.56 

0.56 

wiuaer ,, 

running 
motor, Ky 

0.18 


! 


0.09 

0.99 

0.49 

Irrfinite thickness, a 

0.16 

0.16 

0.40 

0.40 






^2 arja, 

0.16 

0,08 

0.40 

1 

0.20 


x) Values given for unilateral cooling of a plane layer; for 


bilateral cooling the values must be doubled. 


GSie table shows that the permissible volume of a disposed 
ration is dependent on its specific heat release (specific activity) 
and is greatly limited even at strong heat removal from its surface. 
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An additioiutl torn | )o ra tn ro dL('Cor«m;o bot,w«(ni a proparatloii 
surface and tho onvlruiunonfc aJ wnyn takoii [>.1 aco In roalitiy. 'Ilion tho 
■tabular siuoa should bo ducroaaod, and (;ho docroano ahould bo 
groutor with incroaaiag; clUforeuco. 

Different varlauta of burial-ground donign involving various 
heat-oxchangera aro givon below t 

1. Bie beat heat- removal majr be accompliatiod using flowirjg 
cooled water aa heat removal agent. In this cauo the preparation 
volumes appear bo be close ■!» tiioae in the table. However, a 
burial-ground with water cooling must have a complex construction 
aad,«hich is partlculaxly Important, must bo under cootinuoua 
control for years. 

2, Using air as heat-transfer agent results in an increase in 
■the temperature difference betw^eea the preparation surface and the 
environment and in decrease in tubular sizes. Here best conditions 
for beat-exchange will take place when the air is blown through a 
layer of blocks at a higher rate. However, this would require a 
system for removing radioactive dust by air purification and would 
create most favourable condi'bionB for radiation-induced destruction 
of the preparation surface. In using air as a beat transfer agent 
it is the most advisable -to realize beat withdrawal by air streams 
separated by metal partitions from the preparation-containing 
ampoules. 

\ Temperature control in a burial-ground by means of the endo- 
tteraic process •was shown to be possible /&/, It was suggested that 
burial-grounds with a molten preparation of high radioactivity' be 
used forfliaion of a charge oblsained by dehydration of low-actLvo 
wastesi tShe a.p. of this charge being by 200-300°C lower than ttiat 
of highly-active molten materials. First it permits using the 
heat evolved in the burial-ground and, second, to enclose highly 
radioactive molten ma'terial into a glaas-ltke monolith and thus tc 
protect it against the radiation-induced chemical deactruction and 
the action of ground waters. 

Bi© application of this ae'tiiod is ;)ustifiable when there is 
necessity in disposal of great volumes of low-active, along with 
highly-active molten wastes. 

58'/ - li » 
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't. 'n.o ,„u„l, ali-pJo and cl.on,, of „ burial bo 

om. iuvoivlr.K no particular cool 1.,,; oKcut,, and co.u, tractive u.ato- 
rialn, l.o. „i„„,]o placing, of t.hn |.r.,p,..ratlon Into liio ground witii 
.4ul)M0.|Uori t lining up. Table ll aiiown fcbo npoci/’ic volumon of pro- 
ducty (pur cm oi ground au rfaco) wt, ich m.o- bo buriod in ground pin, 
ab a maxnnum temperature of cjoqoc j.p centre of the pit. Calcula- 
tion in n,ado for pit loca tionn ( rig.J.,). The abape of ti.o volume 
with proparation-contulalng ampoulon ro,.rcHonta a shero of a 

radiuo K. Ibin nhape was chosen for slinpliflcatlon. Pita aro nepa- 
ratoii by a diatatico L. 

The data obtained are ovldouco for ponRiblo disposal of 
highly-activo fused preparatlono in aartti burial-grounds. 

la this case the excess ten.porata rc is detormlnud .uduly t , 
the difforonce iu t.,>mpera tores of an mup.oule laj^er aurtaco (o th 
preparation surface in case of a. mnolith) and tho envi lonmon 1. / : 
increase in the buried proparatioa volume may become possible by 
use oi ooil ol a high thermal co d J u c ti vl t.v (rocky-ground type,). 
T«nperaturo excess in such a buri.al-g/xniud would not cause des- 
truction Of the constructive material (earth) and would only create 
a heat barrier in the surrounding soil hindering the access of 
raxn and o ther waters into the burial-ground for several years 

Piom this standpoint it is advisable tout the initial temperature 
be not lower than 5000C. 

In filled up disposals a preparation is reliably protected 
fio. ataosph.po effects aed this creates fateurahie cohditlohs 
for protection against radiatlcn-lmiucod destruction. 

Hiking the tains of radioisotope leaching as lo"” g/cn^ 

■e BSJ dras a conclusion on safe disposal of blocks of a specific 
actltltf lO^ 0/1 in burlal-grousda. Taking Into account the «if- 
ficientlf high sorptlnn capaoltf of grounds mtti respsot to 
fiBBion-producsd radloisoWpae /9/, it la peselble to suggest 
earth burial -grouads for cnacsotratos of higher aotltlty. 
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Table 2 

Pontiiooible aizea or a preparation disposal in 
b u r i /il - g ro laid 0 


HoigJit of 
■tlie protective 
ground Ifiyer 


Dlstauce 
between pits 


Specific heat in hoapu 
relCM* a 0.29 


9‘10 kcal/ 


l/a*' 12.4 


oonollHi 


B 0.25 
13.5 


Specific heat in heaps 
release K 0,14 

1.6-iO^cal/ i/m2 

m ,h 

monolith 

H 0.11 
1.6 


2,0 B 


2,5 m 



All solid preparations including those involving radio- 
isotopes and. glass- and basalt-typo preparations are known to be 
subjected to surface radiation-induced chemical destruction re- 
sulting in decreasing mechanical strength of surface layers and 
in increasing radioisotope solubilities. 

In case of preparations intended for disposal of radioactive 
wastes the rate of radiation-induced chemical processes may be 
nad# mluimum under the following conditloosi 

1. Decrease in alkaline and alkaliearth element compounds and 
boric anhydride in the composition of flux additives or incorpora- 
tion of transient metals of the Ce typo. 

2, Providing for temperature in the burial-ground not lower 
ttian 500®C during tiio first years of storage, 

5. A limited contact of Idle preparation surface with air, Theiv 
pbyrsical calculations have shown the possibility o' .^uructiag 
siaaplest burial-grounds as pita filled up with earth ^ 
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Conclusion 

It may bo coDHidorod that with tl;e totality oi all worka carried 
out tho foundation for realization of process of vitrification 
in tlio industry was practically prepared and that it ensures 
ttio possibility of creation of safe disposal Cburi,a ground) 
of highly-active wastes. 
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Pig. 1. Bio liae diagram of the model -pilot plant. 



Pig. 5. Heating by means of electric heaters located 
horizontally. 
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?ig. ?• Cbanga In a molten preparation surface as a resalt 
of irradiation from CooO at 2 OOC (a), 650 C (0), 
1500 c (B) and 5 OOOC (c() for 240 hours. (x550). 
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J 



Plfl 9, I-iay pattern of the molten preparation, containing 
of 3i02, lOJi of MgO, 9% of AI2O5, 4% of 1102. 

^ of CaO, 1% of CaP2 and a mixture of oxides of 
•lements Involved in radioactive wastes before (IJ 
and after annealing for 240 hours without irradia- 
tion at 7000c (2) and at 7500C (5) and during ir- 
radiation with O06O at 900OC at a dose rate of 
absorbed energy of 6*10° rad* 



Fig. 10, Schematic view of the apparatus used for investigating 
the rise in temperatures at storing a preparation of 

high activity. , „ , ^ ^ 

1. Ihe metal vessels 2, Insulation 3. Volume occupied 
by preparation-containing ampoules. 4, Blovr-line 
5. Sieanoelectrlc couple 
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fig. 12, Schematic celculatLon of the location of 
burial-ground pits. 
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